One contribution of 21 to a theme issue 'DNA as information' . 
Introduction
In the early 1930s, Yury Borisovich Rumer was one of the leading theoretical physicists in the former Soviet Union. Nevertheless, his name is also known to anyone who has ever learned about the genetic code and its evolution. After the discovery of the double helix by Crick & Watson [1] and Nirenberg's formalization [2] of the standard genetic code as a table, Rumer was one of the first who investigated the coding table for its structure. His motivation was the idea of symmetry that played an essential role in all his research. In three papers [3] [4] [5] he elaborated on his partitioning of codons into two classes depending on their redundancy. He saw that in Nirenberg's lexicon of the genetic code, there are amino acids that are coded by four codons and others that are 2016 The Author(s) Published by the Royal Society. All rights reserved. coded by fewer than four codons (nowadays, one considers codons in quartets, hence degeneracy 6 is avoided). Those of redundancy four formed one class consisting of 32 codons, and those of redundancy not four the complementary class, also consisting of 32 codons. In particular, he found that already the first two letters of the codons of redundancy four uniquely determine the amino acid they code for, so the last base does not play any role, while for the other codons all three bases are relevant in order to detect the encoded amino acid [3] . He named the first two letters of a codon the root and suggested a linear order on the bases that made his discovery more understandable C > G > U > A from strong to weak [4] . This was a fundamental observation and revealed the very first symmetry property of the genetic code. Rumer also discovered that a systematic exchange of bases in each codon transfers codons from one class to the other and vice versa, i.e. changes the redundancy class. This transformation is nowadays known as the Rumer transformation [4] . Later on he also classified the amino acids by their chemical properties in a way that induces a canonical order on the roots [5] .
The material of Rumer's papers [3] [4] [5] is published in Russian only. 1 Because of their importance, we here present a translation of them into English, preceded by some biographical remarks on Yury Borisovich Rumer and his life.
The motivation for this article came from our joint work with two of the editors of this special issue, Simone Giannerini and Diego Gonzalez [6] . Both of them introduced us to the fascinating topic of the genetic code and its evolution. One of the highlights of this collaboration was the conference on Mathematical and Statistical Models for Genetic Coding that we organized together with Markus Gumbel, Ivo Wolf (both Mannheim) and Alberto Danielli (Bologna) in Mannheim (Germany) in September 2013. In the literature, and in particular at this meeting, it was demonstrated that many scientists working in this field frequently quote three articles of Yury Borisovich Rumer from the late 1960s.
Also some personal reasons encouraged us to accomplish this project. The first author graduated at the same mathematical faculty of the Lomonosov University in Moscow as Yury Borisovich Rumer and defended her PhD thesis at the former Luzin's chair, whose school had great influence on Rumer in the early 1920s. Last but not least, the first joint work of the authors in the area of mathematical modelling of the genetic coding was dedicated to a general description of dichotomic classes. The most known such classes are Rumer's classes partitioning the set of codons into those of redundancy 4 and not 4, respectively. The general algorithm underlying the dichotomic partitions of the standard genetic code presented in [7] was derived from Rumer's algorithm, which can be found in his article from 1968 (and also in its further developments in [8, 9] ).
Yury Borisovich Rumer: some remarks on his biography
We precede the translations of the three inspiring articles [3] [4] [5] by Yury Borisovich Rumer with some biographical remarks on his scientific life. On the one hand, these seem to us to be important for understanding his interest and contribution to the investigation of the genetic code. On the other hand, some details of his life show, in a fascinating way, his passion for science.
Yury Borisovich Rumer was born on 28 April 1901 in Moscow as the fourth child of a Jewish merchant family. As a child Rumer learned German due to family contacts. In 1917, he began to study mathematics at St Petersburg University and changed in 1918 to the mathematical faculty of the Lomonosov University in Moscow, where he graduated only in 1924 after some interruptions due to the revolution and civil war in Russia. Mathematical life at Lomonosov University in those years was determined by Luzin's mathematical school from which such outstanding mathematicians as Kolmogorov and Alexandrov evolved. Also Yury Borisovich Rumer was closely connected to Luzin's school whose influence was essential for his scientific style during his whole life. In those years, Rumer's interests focused on problems from theoretical physics, especially on relativity theory. In 1926, he went to the Technical University of Oldenburg in Germany and after that to the University of Göttingen (Germany) in 1929, where he worked until 1932 as an assistant of Max Born. During that period, he was interested, among other things, in the new science of quantum chemistry and was considered, together with Heitler and Teller, as one of the founders of this branch of chemistry. Already at this time, the concept of symmetry was one of the leading ideas of his scientific work. In 1932, Rumer moved back to Moscow and became, especially due to recommendations by Einstein, Ehrenfest, Born and Schrödinger, professor at the Lomonosov University where he taught until 1937. At that time, he was considered to be one of the most important theoretical physicists in the Soviet Union and collaborated extensively with Lev Davidovich Landau. He was arrested in 1938 as an 'ally of the public enemy' Landau and spent 10 years in a gulag, where, thanks to his scientific qualifications, he worked in the so-called 'Sharaga' (CCB-29). Like his colleagues Tupolev and Korolev (the later father of the Soviet space programme), he focused on problems of aviation and missiles. At the same time, he continued to read scientific literature, informing himself about new streams in foundational science and trying to contribute to the common field theory. After his release from the gulag, he was at first not allowed to return to Moscow and had to live in Yeniseysk in Siberia. After his complete vindication, he stayed in Novosibirsk (Siberia) by choice, helping to organize the Siberian branch of the Academy of Sciences. After reading the works of Crick and Nirenberg on the genetic code, he got interested in the topic. His intuition led him to the assumption that symmetries must play a significant role in the genetic code. His interest in linguistics helped him in his investigations too. Crick, himself, considered the works of Rumer very promising and Rumer was astonished by the positive reactions to his work. He began his response to scientific correspondence on this topic, usually with the words: 'Thank you for your interest in my first biological paper'. Yury Borisovich died on 1 February 1985 at the age of 83 in Novosibirsk.
More detailed biographical information about him can be found, for instance, in [10, 11] or [12] .
Comments
There are a few remarks that we find important to make for the convenience of the reader and that appeared during the translation process of [13] [14] [15] . The order of nucleotide bases in a codon differs in Rumer's first article in 1966 (where he 'reads' codons from the right to left) from that used in the two later articles of 1968 and 1969, where he used the modern standard notation.
Some formulations like 'These amino acids are degenerated pseudosextets' sound awkward and are not usually used nowadays.
The second article translated from his publication in 1968 can be seen as a reformulation of the first one from 1966.
Presumably, the permutation CG UA AU GU given in the article from 1969 contains a typo. To our mind it makes sense to define this permutation as CGUA AUGC which is known nowadays as Rumer's transformation and flips Rumer's classes into each other. The names of classes of amino acids are translated in accordance with the contemporary transliteration. Literally translated the classes mean 
